Abstract. The Far Ultraviolet Spectroscopic Explorer (FUSE) is a NASA astronomy mission that will explore the 905-1187Å wavelength region at high spectral resolution. Funded by NASA's Explorer Program, this Origins mission is scheduled for a 1999 launch and at least three years of operations. The development of FUSE is being led by the Johns Hopkins University, with major contributions to the program from the University of Colorado, the University of California-Berkeley, the space agencies of Canada and France, and corporate partners. FUSE will have approximately 10,000 times the sensitivity of its pioneering predecessor, Copernicus, which operated in the 1970s. Much of the FUSE Science Team observing time will be dedicated to studying the interstellar medium of the Milky Way and Magellanic Clouds. Observations of high velocity clouds play an important role in the FUSE program. In this paper, I outline some of the FUSE Science Team plans for observing HVCs. Simple absorption line models are also provided for investigators seeking to identify atomic and molecular species in this wavelength region.
Introduction
With the launch of the Far Ultraviolet Spectroscopic Explorer (FUSE) in 1999, the astronomical community will have access to the first long duration satellite devoted to high-resolution (λ/∆λ ≈ 24,000-30,000) spectroscopic studies of the far ultraviolet (far-UV) universe since the Copernicus mission. FUSE will have a point source sensitivity approximately 10,000 times that of Copernicus, which will allow systematic studies of distant regions in the Milky Way and other galaxies to be conducted at high spectral resolution in the 905-1187Å bandpass for the first time. FUSE will also be able to observe the far-UV light from distant quasars and active galactic nuclei.
The far-UV wavelength region is rich in spectral line diagnostics of plasmas ranging in temperature from 10 1 -10 6 K. It encompasses the Lyman series of H i and D i, as well as resonance lines of the heavy element species C i, C ii, C iii, N i, N ii, N iii, O i, O vi, F i, Mg ii, Al ii, Si ii, P iii, P iv, P v, S iii, S iv, S vi, Cl i, Cl ii, Ar i, Ar ii, Fe ii, and Fe iii. Weak lines of other heavy elements (e.g., Cr, Mn, Ni) and low excitation fine-structure lines of C i, C ii, N i, and N ii may FUSE 2 be visible along some sight lines. The bandpass also contains molecular lines in the Lyman and Werner systems of H 2 and HD, and the B 1 Σ + u − X 1 Σ + g and C 1 Σ + u − X 1 Σ + g bands of CO.
FUSE Team Science Investigations
During the first three years of operation, approximately half of the FUSE observing time will be used by Guest Investigators selected through a competitive peer-reviewed process, which at the time of writing has been completed for the first observing cycle. A small amount (roughly 10%) of the total observing time has also been reserved for the French and Canadian astronomical communities. The remainder will be used by the FUSE Science Team, which will undertake several large science investigations as well as a number of moderate-sized programs designed to study specific astronomical objects or phenomena. The two primary science programs include: 1) A study of the D/H ratio and its dependence upon the chemical evolution of the interstellar gas in the Milky Way and intergalactic gas in the low redshift universe.
2) A study of the origins and properties of hot (T ∼ 10 5 -10 6 K) interstellar gas in the Milky Way and Magellanic Clouds as traced through O vi absorption and emission. To conduct these two comprehensive studies, the FUSE Science Team will observe a large number of objects in the Galactic disk and halo. Figure 1 is a projection of these sight lines onto the sky. The sight lines sample the interstellar medium (ISM) in a variety of directions over distances ranging from a few parsecs to tens of kiloparsecs. The types of regions to be explored include translucent molecular cloud envelopes, cool neutral clouds, warm neutral clouds, the ionized ISM of the Galactic disk and halo, supernova remnants, and hot gas associated with bubbles/supershells in the Magellanic Clouds. The FUSE Team will also observe sight lines to quasars and active galactic nuclei to study high velocity clouds, the distant Galactic halo and intergalactic gas in the low redshift universe. A portion of the observing time will be used for short snapshot exposures to determine the best sight lines for extended observations. The primary objectives of the D/H and O vi programs are listed below in §2.1 and §2.2.
Goals of the FUSE Team D/H Program
Most of the deuterium in the Universe was created within a few minutes of the Big Bang, and it is generally believed that the net abundance of deuterium decreases with time due to stellar processing (astration). The present day value of the deuterium abundance should therefore reflect the imprint of Big Bang nucleosynthesis as well as the subsequent chemical evolution of the Universe. To understand this history, it is necessary to disentangle local effects from global effects on the D/H ratio, and to integrate the results for a large number of regions into a coherent description of the zero-redshift abundance of deuterium. To this end, the FUSE Team has outlined the following objectives: 1) Quantify the effects of local environmental conditions and processes (e.g., astration, fractionation, ionization, metal production) on the measured abundance of deuterium. 2) Determine whether the D/H ratio varies within the Milky Way and the implications variability would have for the chemical evolution and mixing of the interstellar medium. 3) Determine the D/H ratio in environments with a range of metallicities to use as zero redshift benchmarks for D/H values obtained for low metallicity systems at high redshift. 4) Integrate the Milky Way D/H results with chemical evolution models to provide a clearer understanding of galactic chemical evolution, the baryonic content of the Universe, and Big Bang nucleosynthesis.
Goals of the FUSE Team O vi Program
O vi is the primary far-UV line diagnostic of hot (T ∼ 3×10 5 K), collisionally ionized gas in the interstellar medium. The production, distribution, and quantity of interstellar gas in this temperature regime outside the local region of the ISM surveyed by Copernicus is unknown. Since the processes that create hot gas (e.g., supernovae) are closely related to the physical properties of the ISM, star-formation, heavy element production, the transport of mass and energy, and the chemical evolution of galaxies, the FUSE Team has defined the following objectives: FUSE 4 1) Study the physical processes that create interstellar O vi and quantify the role of the hot ISM in controlling the physical properties, distribution, and chemical evolution of gas in the Galaxy. 2) Study the transport of energy and matter in the Galaxy and the effects of a "disk-halo connection" on the maintenance of a hot Galactic corona. 3) Determine the three dimensional distribution of local hot gas and study the hot/warm gas interfaces at the Local Cloud/Local Bubble boundaries. 4) Understand how hot interstellar gases in the Milky Way, LMC, and SMC are related to large scale ISM structures (supernova remnants, supershells, radio loops, etc.), and apply this knowledge to studies of galaxies and quasar absorption line systems.
Focused Investigations and the FUSE Archive
In addition to the D/H and O vi programs, the FUSE Science Team will conduct studies in a number of areas using data from the key programs as well as supplemental observations. These investigations will include studies of H 2 and the CO/H 2 ratio, hot star winds and atmospheres, cool star chromospheres, supernova remnants (including SN 1987A), cooling flows, active galactic nuclei, jets and circumstellar disks, and planetary atmospheres. A high-resolution measurement of the He ii Gunn-Peterson effect will also be made if in-orbit background levels are sufficiently low.
For the first cycle of operations, 63 Guest Investigator programs have been selected to address many intriguing astronomical questions. The data from Team and GI investigations will provide a wealth of information long after the mission has ended. FUSE data will have a six month proprietary period and will be archived at the Space Telescope Science Institute in Baltimore, Maryland.
FUSE and High Velocity Clouds
The properties of high velocity clouds (HVCs) are poorly known despite several decades of study. This is due in large part to the general lack of spectroscopic information at ultraviolet wavelengths. Key pieces of information, such as the metallicity and ionization of the HVCs, have remained elusive. This situation has improved in recent years as absorption line observations toward quasars and active galactic nuclei have been conducted with the Hubble Space Telescope (HST). For example, Lu et al. (1998) have found that HVC 287+22+240 has a metallicity (S/H) ∼ 0.25(S/H) ⊙ , with a dust to gas ratio traced by (S/Fe) similar to that in the Magellanic Clouds. This determination rests critically upon the assumption that the ionization correction for the amounts of S ii and Fe ii arising in ionized gas associated with the HVCs are small [i.e., N(S) 
. Using HST data, Wakker and collaborators (this volume) have found (S/H) ∼ 0.1(S/H) ⊙ for Complex C in the direction of Mrk 290. This determination appears fairly robust, as additional information about ionized gas is available from Hα imaging of the sight line. The most complete set of HST measurements for studying ionization in high velocity clouds exists for the "C IV-HVCs" toward Mrk 509 (Sembach et al. 1999, this volume) . 
Abundances
FUSE observations will provide valuable information for determining the metallicities and ionization of HVCs. In particular, measurements of O i, which has FUSE 6 an ionization potential of 13.6 eV and is strongly tied to H i through charge exchange reactions (Spitzer 1978) , will yield oxygen abundances for neutral clouds. Reliable oxygen abundances currently exist for very few clouds, since the two primary transitions in the HST wavelength region are either heavily saturated in most directions (λ1302.168) or extremely weak (λ1355.598) (see Meyer, Jura, & Cardelli 1998) .
Besides containing O i lines, the FUSE bandpass encompasses lines of abundant elements that will be useful for estimating gas-phase abundances in the neutral ISM and HVCs. Several atomic species have lines spanning a large range in f λ (e.g., O i, N i, and Fe ii). Curves of growth for these species are shown in Figure 2 for N(H i) = 1×10 20 atoms cm −2 and no gas-phase depletion onto dust. For other values of N(H i) and depletions, D, the lines move horizontally along these curves by an amount equal to log N(H i) + D -20. Additional low ionization lines of C ii, Mg ii, Al ii, Si ii, P ii, and Ar i are plotted on the curve of growth shown in Figure 3 . The strong line of C ii λ1036 and the stronger O i and N i lines shown in Figure 2 are likely to be heavily saturated in their cores along many sight lines but can be used to trace low density, high velocity dispersion gas in their absorption wings. Weak Mg ii lines near 1026Å will be difficult to recover in the wings of H i Lyβ and are not shown in Figure 3 . For information about local ISM abundances derived from Copernicus data, see Jenkins, Savage, & Spitzer (1986) and Jenkins (1987, and references therein) . The primary obstacle facing abundance studies of HVCs is the difficulty in making accurate determinations of neutral hydrogen column densities through 21 cm emission since some HVCs appear to contain structure at arc minute scales (c.f., . FUSE observations of higher order Lyman series lines of H i will probably not address this problem, except in special circumstances. It might be possible to do so when the velocity of the HVC is large (|V LSR | ∼ 200 km s −1 ), the width of the low velocity absorption is small (FWHM < 50 km s −1 ), and the amount of intermediate velocity gas is negligible (N(H i) < few×10 16 atoms cm −2 ). Detections in multiple H i lines will be necessary since a typical HVC H i column density of ∼10 19 atoms cm −2 will place most of the H i lines on the flat part of the curve of growth.
Ionization
Absorption line observations of ionized gas species in some HVCs indicate that they can contain large quantities of ionized gas (Sembach et al. 1995 (Sembach et al. , 1999 . Hα imaging of the larger HVC complexes (Tufte, Reynolds, & Haffner 1998 , this volume) also reveals the presence of ionized gas. Therefore, it is important to consider whether gas-phase abundances derived from measurements of singly charged ions (e.g., S iii, P ii, Fe ii) or neutral atoms with first ionization potentials greater than 13.6 eV (e.g., N i, Ar i) are affected by H ii region contributions. Lines of adjacent ionization stages of many elements in the far-UV (e.g., C i-iii, N i-iii, P ii-v, S iii-iv, Cl i-ii, Ar i-ii, and Fe ii-iii) can be used to estimate ionization corrections when necessary.
Ionized gas diagnostics in the far-UV wavelength region span a large range in ionization potential. Of these, the strong O vi lines are the most important for studying gases with T ≥ 10 5 K. The observable lines of other elements trace lower temperature gases ranging from 10 4 to ∼10 5 K. Table 1 contains a list of the ionized gas resonance lines in the FUSE bandpass. Lines of species having creation ionization potentials greater than 13.6 eV are included. For each ion, predicted line strengths and widths are listed for a simple model in which a solar metallicity gas with no dust and N(H ii) = 1x10 20 cm −2 is in collisional ionization equilibrium. In non-equilibrium situations, the ionization fractions will differ from those listed (see Sutherland & Dopita 1993) .
Some of the lines listed in Table 1 are very strong and will be heavily saturated even when N(H ii) is low. For example, τ 0 (C iii λ977) > 3 when N(H ii) > few × 10 16 atoms cm −2 . Lines of other ions, such as P iii, P v, and Cr iii, will be weak even when N(H ii) is large. Incorporation of the refractory elements (e.g., Cr, Fe) into dust will affect the observed line strengths of Cr iii and Fe iii.
Molecules
FUSE will be able to search for dust and molecules in HVCs. Comparisons of Fe to O and other lightly depleted elements will reveal whether the gas has a solar abundance pattern, independent of whether the H i column density is known. Searches for H 2 absorption will reveal columns as small as 10 14 molecules cm −2 , or about 5 orders of magnitude lower than has been possible with millimeter wavelength observations of CO (e.g., .
FUSE Team Observations of HVCs
Observations of high velocity clouds (HVCs) play prominent roles in the FUSE D/H and O vi programs. Table 2 contains a list of selected HVCs toward objects that will be observed in detail by the FUSE Science Team. The Galactic coordinates of the background sources, HVC identifications, and velocities of the HVCs are listed. The extragalactic sight lines listed currently have planned observations sufficient to produce S/N ≥ 10 per FUSE resolution element. An additional ∼50-100 extragalactic sight lines will be inspected at low resolution to determine far-UV flux levels and sight line velocity structure. Many of these Temperature at which ion peaks in abundance in collisional ionization equilibrium. Values are from Sutherland & Dopita (1993) , except for P and Cr. The values for P were obtained by interpolating along iso-electronic sequences of adjoing even-Z elements (Si, S). For Cr iii, a value equal to those for Fe iii and Ni iii was adopted. fion:
Fractional abundance of ion in collisional ionization at temperature Tmax. λ:
Wavelength from Morton (1991) . log f λ: Product of wavelength (inÅ) and f-value from Morton (1991) . τ0:
Optical depth of line at line center for a plasma with N(H ii) = 1x10 20 cm −2 , assuming collisional ionization equilibrium, the listed values of A, Tmax, fion, and b0, solar metallicity, and no gas-phase depletion due to dust. b0:
Thermal broadening parameter of line at temperature Tmax.
"snapshot" sight lines pass through or near Complexes A, C, and M. The three Galactic sight lines listed have HVCs that have been observed in absorption and represent a small subset of the total number of Galactic sight lines that will be observed. a Observations of stars in the Large and Small Magellanic Clouds will also provide information on high velocity gas in those directions. Additional HVCs along extragalactic sight lines may be explored through the D/H snapshot program, which will produce short exposures of 50-100 extragalactic objects. b These are but a few of the many Galactic sight lines that will be observed by FUSE. This table does not include the numerous intermediate velocity clouds or high velocity gas features associated with known supernova remnants (e.g., Vela) or star-forming regions (e.g., Carina) that will be observed. Approximately 200 sight lines in the Galactic disk and halo will be observed as part of the D/H and O vi programs
Simulated Spectra for Simple H i Cloud Models
Given the large number of atomic and molecular transitions in the far-UV suitable for studies of HVCs, it is instructive to consider the absorption signatures expected for simple interstellar cloud properties. These results can then be applied to more complicated situations.
Absorption Lines Viewed at FUSE Resolution
The apparent optical depth of a spectral line at a velocity v is given by τ a (v) = ln(I c (v)/I o (v)), where I o and I c are the observed and continuum (unattenuated) intensities, respectively. This differs from the true optical depth, τ (v) = ln(I c (v)/I(v)), due to the finite resolution of the spectral spread function of the instrument used to observe the absorption line. The effect of this convolution on the line shape of a single Gaussian component is shown in Figure 4 for three values of the Doppler width b 0 and central optical depth τ 0 of the line. An instrumental spread function width appropriate for FUSE, b I = (cλ/∆λ)/(2 √ ln2) ≈ 6 km s −1 , has been applied. The more severely a line is under-resolved by the instrument, the greater the difference between the true optical depth of the line and its apparent optical depth. The resulting unresolved saturated structure must be accounted for in determinations of the column density contained within the line. Detailed discussions of apparent optical depths and the derivation of FUSE 10 column densities from apparent optical depth profiles have been given by Savage & Sembach (1991) and Jenkins (1996) . 
Model 1: A Sight Line Through the Neutral Medium of the Galactic Halo
Figure 5 contains a noiseless simulation of the absorption expected in the 910-1160Å spectral region for a single interstellar cloud containing 3×10 20 atoms cm −2 of H i and 1×10 17 molecules cm −2 of H 2 . The cloud has a temperature of 100 K, a b-value (thermal + turbulent) of 5 km s −1 , and a warm halo cloud gasphase depletion pattern (Savage & Sembach 1996) . 1 The model includes lines having τ 0 > 0.05 and an instrumental resolution appropriate for FUSE. Lines of atomic species and H 2 are indicated at the top of each panel. The D/H ratio used is the local ISM value of 1.6×10 −5 (Linsky et al. 1993) . For elements with first ionization potentials below 13.6 eV, it is assumed that 0.5% of the elemental gas-phase abundance is neutral, with the remaining 99.5% being singly ionized. 2 Chlorine is an exception since reactions with H 2 can convert Cl ii to Cl i (Jura 1974; Jura & York 1978) ; it is assumed that 20% of the Cl is Cl i and 80% is Cl ii, which is typical of low density regions with large values of N(H i)/N(H 2 ) (see Harris & Bromage 1984) . Table 3 contains a summary of the model parameters. The richness of the far-UV wavelength region shown in Figure 5 and the progression to higher line densities as wavelength decreases to the Lyman limit at 912Å is striking. Even for the simple, single component model shown, line blending can be problematic, especially at shorter wavelengths.
Atomic fine-structure lines and molecular lines of HD and CO are not included in this model. Information about additional atomic lines and CO can be found in the data compilations presented by Morton (1991) and Morton & Noreau (1994) . Table 4 contains a brief list of some of the transitions in the & Grevesse (1989) , except for C, N, and O, which are photospheric values from Grevesse & Noels (1993) . The Savage & Sembach (1996) warm halo cloud gas-phase depletion pattern due to dust is used in Model 1; elements not included in their study are assumed to have solar abundances, except for Al, which is set to the value for Fe and Ni. The atomic and H2 data in these models are from Morton (1991) and Abgrall et al. (1993a Abgrall et al. ( , 1993b .
) systems of HD. The wavelengths are from Dabrowski & Herzberg (1976) . The f-values for these lines were computed using the band oscillator strengths calculated by Allison & Dalgarno (1970) . Some of these transitions were seen in the spectrum of ζ Ophiuchi by Copernicus (Wright & Morton 1979 Figure 6 contains a second sample spectrum of the same cloud in Figure 5 with a lower value of N(H i), a temperature of 500 K, and no gas-phase depletion onto dust grains. Other model parameters are summarized in Table 3 . In this case, higher order (J ≥ 3) rotational lines of H 2 blanket the spectrum.
The models shown in Figures 5 and 6 are intended to serve as aids in identifying lines of various elemental species in the FUSE wavelength range. These figures can be used to estimate line strengths for different cloud parameters through the following scaling relation:
where τ 0 is the optical depth at line center, N(H i) is the column density of H i, b 0 is the Doppler spread parameter for the line, A is the logarithmic abundance of the element on a scale where A(H) = 12.00, and D is the logarithmic gas-phase depletion of the element relative to the reference abundances used. Note that τ 0 is the true optical depth of the line, not the apparent optical depth, τ a , which is less than τ 0 in situations where the instrumental line function width, b I , is greater than the intrinsic width of the line, b 0 . For most neutral gas species observed by FUSE, b I > b 0 , and therefore τ a < τ 0 . Figure 4 can be used to relate τ a and τ 0 for FUSE data. 
1105.838 Table 3 . Vertical dashed lines indicate the wavelengths of the ionized gas lines listed in Table 1 . 
The FUSE Satellite
The FUSE satellite is composed of a three-axis stabilized spacecraft and the scientific instrument. The total satellite weight is 1360 kg. The instrument consists of four co-aligned telescopes optimized for transmission at far-UV wavelengths. The light from the four channels is dispersed by four spherical, aberrationcorrected holographic diffraction gratings. Two channels with SiC coatings cover 905-1100Å, and two channels with Al+LiF coatings cover 1000-1187Å. Two delay-line microchannel plate detectors each detect one SiC and one Al+LiF channel.
Wavelength overlap, physical separation of the four channels, and complete wavelength coverage on each detector provides for high sensitivity and redundancy. The instrument also contains a fine error sensor to identify the pointing location and to stabilize the spacecraft during observations. Properties of the instrument are summarized in Table 5 . Table 6 contains pre-launch predictions for the in-orbit performance of FUSE. These quantities will be updated as in-orbit activities progress and astronomical observations are obtained. Figure 7 contains a plot of effective area at the beginning of the mission versus wavelength.
Launch and Operations
NASA will launch FUSE on a Delta II-7320 rocket into a 775 km circular, 25 • inclination orbit in 1999 from the Cape Canaveral Air Station in Florida. During in-orbit checkout and early operations contact will be provided through a ground station in Hawaii. Once operational, the primary FUSE ground station at the University of Puerto Rico, Mayaguez will be used for most communications. Short duration (<13 minutes per orbit) S-band communications will occur 6-8 orbits per day, during which time data and commands will be sent between the spacecraft and the ground station. Communications between the Figure 7. FUSE predicted effective area at the beginning of the mission. The individual detector segment coverages are indicated above the curve (4 segments -2 SiC and 2 LiF per detector). The abrupt drops in effective area in some locations (e.g., 1082-1085Å) are due to gaps where the individual channels do not overlap completely.
Additional Information
Technical information about the initial performance results for FUSE have been given by Wilkinson et al. (1998) and Sahnow et al. (1998) . Information about observing with FUSE can be found in the FUSE Observer's Guide (Oegerle et al. 1998 ) and on the FUSE web site at http://fuse.pha.jhu.edu. Guest Investigator questions can be directed to the GSFC FUSE Project Scientist, Dr. George Sonneborn, at sonneborn@stars.gsfc.nasa.gov.
